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Abstract
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The relationship between obesity and depression is well described. However, the evidence linking
depression and body mass index (BMI) across the broad range of body size is less consistent. We
examined the association between depressive symptoms and BMI in a sample of adult women in
the Buffalo-Niagara region between 1997 and 2001. Using logistic regression, we investigated
whether increased weight status beyond normal-weight was associated with a higher prevalence of
depressive symptoms, and if educational attainment modified the association between obesity and
depression. There was a trend for increased weight status to be associated with higher depressive
symptoms (obese II/III, OR 1.57, 95% CI 1.03–2.41), whereas higher education was associated
with lower odds of depressive symptoms, in an adjusted model including BMI (more than 12 but
less than 16 years, OR 0.70, 95% CI 0.49–0.98; 16 or more years of education, OR 0.61, 95% CI
0.40–0.93). The association of being obese I with depressive symptoms was different for more
educated (OR 2.15, 95% CI 1.27–3.62) compared to less educated women (OR 0.90, 95% CI
0.50–1.62); the sample was larger for the more educated women and reached statistical

Correspondence to: Ashley Wendell Kranjac.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.
Ethical approval
The University at Buffalo Health Sciences institutional review board approved the study, and all participants provided written
informed consent.
COMPETING INTERESTS
The authors report no conflicts of interest.

Kranjac et al.

Page 2

Author Manuscript

significance. There were no differences in the association for obese II/III women in strata of
education. There was evidence of risk-difference heterogeneity (0.88, 95% CI 0.84–0.93). In this
population-based sample of women in western New York State, increased weight was negligibly
associated with depressive symptoms. The association of being obese I with depressive symptoms
was different for more compared to less educated women.

Keywords
Depression; Obesity; Women’s Health; Education

Introduction
Author Manuscript

An association between mental health and obesity is well established [1,2,3,4], as is the
positive association between obesity and depression [4]. There is evidence that obesity and
depression are comorbid [1], however, much less is known about the biopsychosocial
variables associated with this relationship [5]. Recently, it was found that somatic, but not
cognitive-affective, symptoms of depression are positively associated with body mass index
(BMI) [6]. Additionally, in a meta-analysis, there was evidence of a bidirectional association
between depression and metabolic syndrome [7], a cluster of several risk factors including
central obesity, as well as hyperglycemia, elevated blood pressure, hypertriglyceridemia, and
decreased HDL cholesterol [8].

Author Manuscript

In contrast to the association with obesity, there is less consistency with regard to evidence
linking BMI and depression more generally. In recent studies there was evidence of an
association between BMI and increased risk of depression [9,10], whereas in others, the
association was limited to those with severe obesity (measured as a BMI >35 – ≤39.9 or
>39.9) [11,12]. The implication of this and related research is that more studies are needed
to isolate the mechanisms by which BMI and depression could be related.

Author Manuscript

One likely mechanism linking BMI and depression is educational attainment. There are
numerous studies that have documented lower levels of depression among adults with higher
education [13,14], yet, less is known about how education modifies the association between
obesity and depression. A better understanding of the impact of education on increased
weight status and depressive symptoms will provide much needed insight into the complex,
comorbid relationship between obesity and depression. Therefore, in the present analysis,
we examined the association between body weight and depressive symptoms in a sample of
adult women in the Buffalo-Niagara region assessed between 1997 and 2001. We
hypothesized, a priori, that increased weight status beyond normal weight would be
associated with a higher prevalence of depressive symptoms, and that educational attainment
would modify any observed positive association between increased weight and depressive
symptoms.
The possibility that educational attainment can offset undesired effects of overweight and
obesity has important implications for understanding the association between body weight
and depression. For example, higher educational attainment has been shown to have a
protective effect on depressive symptoms [15], and this may result in lowered obesity risk
Obes Res Clin Pract. Author manuscript; available in PMC 2018 January 01.
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due to the high correlation between obesity and depression [1]. Further, research indicates
that those with lower levels of education are more likely to experience both obesity and
depression [16]. Taken together, disparate levels of education may differentially influence
the effect of increased body weight on depression.

Methods
Study Population

Author Manuscript

Healthy women, aged 35 to 80 were randomly selected from the general population in Erie
and Niagara counties in western New York State between 1997 and 2001 as controls for a
case-control study of breast cancer. Study population controls aged 35–64 years were
randomly selected from the New York State Department of Motor Vehicles records.1
Controls aged 65–80 were randomly selected from the Health Care Finance Association
data. We assigned a computer-generated random number to each person on the complete
lists of all potential participants supplied by the New York State Department of Motor
Vehicles and the Health Care Finance Association. The potential participants were then
sorted by their randomly assigned ascending numbers and contacted in sequential order.
Introductory letters were mailed to potential interviewees prior to interviewers' telephone
calls, and up to 12 callbacks were completed.

Author Manuscript

We interviewed 41.5 percent of the controls that were contacted. Trained interviewers
conducted standardized, in-person interviews. The detailed interview included questions
dealing with demographic traits, reproductive and menstrual history, occupational history,
disease history, smoking, environmental tobacco smoke exposure, medications, diet, and
several aspects of alcohol consumption throughout the lifetime. Of the original sample
(n=2,115), we excluded those who had missing or questionable data (e.g., if the response
given was implausible and did not fall within the appropriate scale range or data entry error)
on BMI (n=72) or CES-D depression scores (n=115), resulting in a sample of 1,928 women
for analysis. The University at Buffalo Health Sciences institutional review board approved
the study, and all participants provided written informed consent.
CES-D Questionnaire

Author Manuscript

All participants completed the Center for Epidemiologic Studies Depression Scale
questionnaire CES-D [15], a tool designed to measure depression status among the general
population. The items in this scale primarily measure affective and somatic aspects of
depression during the previous week through a self-reported measure. Each question is
scored from 0 to 3, based on participant responses, resulting in a possible score of 0 to 60,
with higher scores indicating more depressive symptoms. The subject is considered
depressed if his or her score is 16 or higher. The CES-D has been evaluated extensively for
both validity and reliability [17,18,19,20].

1Approximately 95 percent of the western New York residents in this age range hold a driver's license.

Obes Res Clin Pract. Author manuscript; available in PMC 2018 January 01.
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Physical measurements were made by trained interviewers using a standardized protocol
which included height and weight. BMI was calculated as weight (kg)/height (m)2. BMI
categories were created using the 2000 Center for Disease Control Growth Charts: United
States [21,22]. Standard weight status categories associated with BMI were used:
underweight (<18.5), normal-weight (18.5 – ≤24.9), overweight (>25 – ≥29.9), obese I (>30
– ≤34.9), obese II (>35 – ≤39.9), or obese III (>39.9) [21,22]. The classifications of Obese I
(low-risk), Obese II (moderate-risk), or Obese III (high-risk) is related to the likelihood of
developing obesity–related health problems [21,22]. Following classification of participants
into these six weight categories, we excluded women in the underweight category (n = 18)
and combined obese II and obese III categories, due to the association between being
underweight and depressive symptoms [9] and the small number of cases in the obese III
category (n = 92).

Author Manuscript

Measurement of Other Relevant Covariates

Author Manuscript

In self-administered and interviewer-administered questionnaires, data were collected
regarding demographic, socioeconomic, and lifestyle characteristics. We examined age as a
continuous measure, race as a dichotomous measure, white and other race, with white as the
reference, education was a self-reported categorical measure, and classified as less than
twelve years, equal to twelve years, greater than twelve years but less than sixteen years,
greater than or equal to sixteen years, with twelve years as the reference, income was a
categorical measure, categorized as less than $20,000, greater than or equal to $20 and less
than $40,000, greater than or equal to $40,000 and less than $60,000, and greater than or
equal to $60,000, with less than $20,000 as the reference, marital status was a dichotomous
measure, married or not married at time of assessment, with not married as the reference,
smoking status was a categorical measure, current smoker, former smoker, or non-smoker,
with non-smoker as the reference, caloric intake was a categorical measure, representing
whether the participant consumed less than, equal to, or more than the recommended 2,000
calories per day, with less than 2,000 calorie per day as the reference,2 sleep was a
categorical measure, representing whether the participant averages less than eight hours of
sleep per night or the recommended eight or more hours [23], with less than eight as the
reference, and physical activity was a categorical measure calculated from self-reported
lifetime physical activity, categorized as less than three hours per week, three to six hours
per week, or greater than six hours per week, with less than three hours as the reference. We
included these potential cofounders given the widely recognized and established
involvement of these factors in both obesity and depressive symptoms [23, 24].

Author Manuscript

Statistical Analyses
All analyses were completed using Stata 13.0. We compared characteristics of depressed and
non-depressed women using Student’s t test and χ2 tests to examine the differences between
measurements of non-depressed and depressed women for continuous and categorical
variables, respectively. Spearman correlation coefficients were estimated to examine linear

2Caloric intake criteria were based on the average age in the sample of 57 [22].

Obes Res Clin Pract. Author manuscript; available in PMC 2018 January 01.
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association between continuous measures of CES-D, BMI, and education. We examined the
association of BMI and depression (CES-D scores <16, non-depressed and ≥16, depressed)
using logistic regression models. We further examined the association in strata of education.
We also examined the interaction of BMI and education with depressive symptoms by
adding a multiplicative term to the full model. We assessed significance where any p value
below 0.05 was considered statistically significant.

Results

Author Manuscript

Descriptive characteristics of the study population are shown in Table 1, including
frequencies and percentages of non-depressed and depressed participants. BMI was
significantly different for those who reported being depressed compared to those who were
not depressed. Depressed women were more likely to be obese (p<0.01). Depressed women
were more often older, not married, less educated, lower income, a former- or currentsmoker, less physically active, consumed more calories, and averaged less than 8 hours of
sleep.
Spearman correlations of depression with BMI and years of education were calculated. The
resulting rank-order correlation for BMI suggested a negligible association between
increased weight and depression scores (r=0.12, p<0.001). There was a weak inverse
relationship between depression and education (r = −0.21, p<0.001). Education and BMI
were also weakly inversely correlated (r = −0.17, p<0.001).

Author Manuscript

As shown in Table 2, the estimated odds of depressive symptoms are significantly higher for
women classified as obese I (OR=1.57, 95% CI 1.11–2.22) and obese II/ III (OR=1.88, 95%
CI 1.29–2.76): Model 1). Severe obesity was also significantly associated with depressive
symptoms, adjusting for other potential cofounders (Model 2). Obese I women’s odds of
depressive symptoms was 43% higher than normal-weight women (OR=1.43, 95% CI 0.97–
2.11), and obese II/ III women’s was approximately 57% higher (OR = 1.57, 95% CI 1.03–
2.41) compared to women classified as normal-weight, after controlling for cofounders.
The association of BMI and depressive symptoms by educational attainment is shown in
Table 2 (Model 3). Among women with > 12 years education, women classified as obese I
had significantly higher odds of depressive symptoms, double that of normal-weight women
with equal education (adjusted OR= 2.15, 95% CI 1.27–3.62). Among those women with ≤
12 years of education, the point estimate was quite different (OR 0.90, 95% CI 0.50–1.62)
but the sample was smaller and the confidence interval included the null. For the obese II/ III
group, there were no differences in the association in the strata of education (Model 4).

Author Manuscript

To verify that the observed association between higher educated, obese I women and higher
depressive symptoms is not due to the distribution of BMI in the education group, we ran the
analysis by degree attainment (i.e., < 12 years, > 12 years, and >16 years of education). We
confirmed that the association between weight status and depressive symptoms remained
significant among women classified as obese I who obtained a Bachelor’s degree (results
available upon request). We found that Obese I women who graduated from college had
significantly higher odds of depressive symptoms, again nearly double that of normal-weight

Obes Res Clin Pract. Author manuscript; available in PMC 2018 January 01.
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women with equivalent educational attainment (adjusted OR=2.82, 95% CI 0.99–8.08). In
our final model, we examined the interaction of BMI and education with depressive
symptoms by adding a multiplicative term to the full model. We found a statistically
insignificant interaction on the odds ratio scale (1.03, 95%CI 0.99–1.08). We then tested the
joint effect for education and BMI with depressive symptoms on the additive scale and
found evidence of risk-difference heterogeneity (0.88, 95% CI 0.84–0.93).

Discussion

Author Manuscript

We examined the association of BMI with depressive symptoms, and whether educational
attainment modifies that association in a population-based cross-sectional study of healthy
adult women in Western New York. Our resulting rank-order correlation between increased
weight and depression scores suggested a statistically significant, yet negligible positive
association in our sample. Although BMI and depression were negligibly correlated as
compared to prior reports [4] one likely reason for this discrepancy in findings is that the
CES-D measures affective and somatic aspects of depression, and prior research has shown
that it is the somatic, but not cognitive-affective, symptoms of depression that are positively
associated with BMI [6], therefore potentially diluting the effect.

Author Manuscript

Findings support our a priori hypothesis that increased weight status is associated with
higher depressive symptoms, as previously shown [9,10]. We further observed an inverse
relationship between depression and education. This finding is in line with the existing
literature that shows depression levels among women fall more sharply as education
increases [24,25]. Here we show that the association of obese I category with depressive
symptoms was different in groups of women defined by their education. Our results indicate
that among obese I women of higher educational attainment, there is an increased risk of
depressive symptoms compared to normal weight women with equal education.
Consequently, education modifies the association between weight status and depressive
symptoms for women classified as obese I, but not in the expected direction.

Author Manuscript

Previous studies show that obese women of lower education are more likely to exhibit
depressive symptoms relative to normal weight women with comparable levels of education
[26]. In our sample, obesity is a significant risk factor for depression among women
classified as obese I with higher educational attainment. This contradictory finding may
reflect growing evidence from varied methodological approaches that show individuals with
higher educational attainment have an increased risk of comorbid depressive symptoms and
obesity, compared to those with less education [27,28,29,30, 31]. On the other hand, there is
evidence that because people with lower education have fewer economic and social
resources to successfully cope with mental health issues, they are therefore more likely to
suffer from depression and obesity [33]. For example, a study of randomly selected U.S.
adults suggested that lower education may increase the risk of comorbid obesity and
depression [34]. The reason for this difference is not known. More research is needed to test
this finding further. Our findings contribute to this debate by showing that obese I women of
higher educational attainment have increased risk of depressive symptoms relative to normal
weight women of equal education.

Obes Res Clin Pract. Author manuscript; available in PMC 2018 January 01.
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Recent research indicates that women have significantly more chronic difficulties and face
more cumulative disadvantage compared to men [35]. Our study provides evidence that in
the examination of ongoing strain and cumulative stressors leading to depressive symptoms
in women’s lives, considering weight status and other factors concurrently may be
informative. This connection is particularly relevant for practitioners when developing
treatments for depression and treatments for obesity, as greater educational attainment
should be considered independent of the association between obesity and depression. A
major strength of our study lies in our study population, a large population-based sample of
healthy adult women that included a detailed description of lifestyle history characteristics.
Standardized anthropometric measures, and the use of the validated CES-D questionnaire to
assess depressive symptoms, add credence to the present analysis. We also had the ability to
adjust for a number of factors that are known to influence weight status.

Author Manuscript

In assessing these findings, there are several study limitations that need to be considered.
The cross-sectional design is a limitation to our analysis, as this is a design that allows for
determination of associations but does not allow for determination of temporality and
causality. We do not know whether obesity precedes the depression or was a result of the
depression. In fact, there is reason to believe that the relationship is bi-directional, and that
both factors affect each other [5,23]. Additionally, given the likelihood that depressive
symptoms and weight status fluctuate, a single measure may not be indicative of the average
state of the study participants. As such, longitudinal analyses testing would prove useful.

Author Manuscript

Another limitation in the generalizability of the findings is the small number of racial and
ethnic minority group members in the study sample, particularly because there is evidence
that racial-ethnic disparities exist in health behaviors [36]. Additionally, we analyzed
overweight and obesity as a discrete consequence of depression although it is likely that
higher weight status can lead to depression or anxiety disorder or social phobia. Thus, such
disparate outcomes may prove more useful if compiled into a single summary measure of
poor health rather than focusing on one outcome, such as depressive symptoms. Further,
while the study participants were selected as representative of healthy individuals in the
population, BMI may be a function of underlying disease that was not measured. We were
limited in our ability to examine effect modification by education by the available study
sample. While the categories of education that we examined are those most frequently used
in the literature, an analysis looking at smaller gradations of education may provide
additional insight.

Author Manuscript

Despite these limitations, to our knowledge, no study has used a large, population-based
sample to study the association between depression, weight status, and education level. By
studying this association in healthy women without other chronic diseases or disorders, we
are better able to understand the associations between depression, increased weight status,
and the impact of educational attainment.
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Obese III
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Education Categories

14

498

Not married

Education

1,133

(2)

(30)

(70)

(8)

125

Married

Marital Status

Other

White

Race
(92)

567

Demographics

1,505

(35)

507

51–64

≥65

(31)

557

(34)

(12)

(5)

(8)

(19)

(33)

(33)

(3)

(6)

% or SD

35–50

Age Categories

57

578

Normal-weight

Age

7

28

n or mean

Underweight

BMI Categories

BMI

Variable

Non-Depressed

13

130

167

30

267

114

82

101

58

15

39

68

86

78

11

29

n or mean

(2)

(44)

(56)

(10)

(90)

(38)

(28)

(34)

(12)

(5)

(14)

(22)

(29)

(29)

(1)

(7)

% or SD

Depressed

<0.001

0.16

0.04

0.005*

pValue

Descriptive characteristics of Study Participants in Erie and Niagara Counties, Western NY 1997 to 2001

Author Manuscript
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492
581
421

12 years
>12 – <16 years
≥16 years

458
340
418

≥$20 – <40,000
≥$40 – <60,000
≥$60,000

235
578

Current smoker
Former smoker

(35)

(14)

(50)

(28)

(23)

(30)

(19)

(23)

(26)

(36)

(30)

(8)

% or SD

854
427

≥3 – <6
≥6

Author Manuscript

Author Manuscript
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1,041
214

Moderate
High

1,043
588
1,631

<8
≥8
N

Hours of Sleep per night

376

Low

Diet K_cal

349

<3

(36)

(64)

(13)

(64)

(23)

(27)

(52)

(21)

Average Lifetime Physical Activity h/week

814

Never smoker

Smoker

Lifestyle

289

<$20,000

Income Categories

12

131

<12 years

Income (in $1,000)

n or mean

Author Manuscript
Variable

297

78

219

53

168

74

63

155

79

113

56

127

52

44

77

88

14

50

88

105

53

n or mean

(26)

(74)

(18)

(57)

(26)

(21)

(52)

(27)

(38)

(19)

(42)

(19)

(17)

(30)

(34)

(28)

(17)

(30)

(35)

(18)

% or SD

Depressed

Author Manuscript
Non-Depressed

<0.001

0.03

0.08

0.04

<0.001

<0.001

pValue

Kranjac et al.
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Author Manuscript
Notes: Significance levels for Students t test and χ2 tests.

P-values are results of Students t tests and χ2 tests for continuous and categorical variables, respectively.

*

Author Manuscript

CES-D scores <16, non-depressed and ≥16, depressed
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0.49
0.40

0.61*

--

≥16 years

--

0.93

0.98

2.64

2.41

2.11

1.46

--

--

--

1.52

0.90

0.98

OR

--

--

--

0.85

0.50

0.59

--

--

--

2.74

1.62

1.62

95% Confidence Interval

Model 3. ≤ 12 Years Education

--

--

--

1.59

2.15*

1.04

OR

--

--

--

0.85

1.27

0.62

--

--

--

2.98

3.62

1.73

95% Confidence Interval

Model 4. > 12 Years Education

471

669

597

164

254

371

629

656

Total n
by
group

Obes Res Clin Pract. Author manuscript; available in PMC 2018 January 01.

p <0.001.

p < 0.005,

***

**

p < 0.05,

*

Notes: Dependent Variable is depressive symptoms (<16, non-depressed and ≥16, depressed).

Sources: Data are for women in the Erie and Niagra Counties, Western NY 1997 – 2001.

Normal-weight, Overweight, Obese I, Obese II / III are categorical variables representing body mass index category. In Model 2 Education is a categorical variable representing highest years of education at
assessment, included as < 12 years, = 12 years, ≥12 years but <16 years, and ≥ 16 years. In Models 3 and 4 the categorical measure of education just described was removed and models are stratified by ≤12
years and > 12 years of education. Models 2–4 are adjusted for age, race, marital status, income, smoking status, physical activity, average calories consumed, and average number of hours of sleep per
night.

--

--

0.70*

--

--

>12 – <16 years

1.03

0.97

0.72

1.08

1.57*

1.43

1.02

95% Confidence Interval

1.69*

--

2.76

2.22

1.53

OR

Model 2. Full Model

< 12 years

Reference: 12 years

--

1.29

1.88**

Obese II / III

--

1.11

1.57*

Obese I

Education

0.80

95% Confidence Interval

1.11

OR

Overweight

Reference: Normal-Weight

BMI

Model 1. Crude Model

Odds Ratio and 95% Confidence Intervals of Depressive Symptoms by Weight Status and Educational Attainment
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